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1 
This invention relates to piezoelectric crystal Fig. 2 is an embodiment of a modification of 
circuit arrangements and bas for its object to the invention. 
provide improved piezoelectrically controlled cir- Referring to Fig. 1, which shows an embodi- 
cuit arrangements in which the controlled fre- ment of the invention which is in accordance with 
quency is modulated. More specifically the in- 5 the invention contained in the U. S. Patent No. 
vention relates to crystal controlled frequency 2,551,809 referred fo above, a frequency modu- 
modulated oscfllators, lated crystal oscillator comprises a piezoelectric 
The specification of U. S. Patent No. 2,551,809 crystal I which is associated with oscfllator and 
describes an invention wherein a piezoelectric modulator circuits by means of a quarter wave 
crystal, which is tobe employed in conjunction l0 network consisting of two shunt capacity 
with a variable susceptance for producing a mod- branches 2, 3 and a series inductance branch 
ulated frequency, is associated with said variable The oscillator and modulator circuits, which may 
susceptance through a quarter wave line or be of any suitable form known per se, are rep- 
equivalent impedance inverting network or de- resented merely by block 5. The inductance 
vice. 15 branch  is included in the lead between one 
The Present invention (though hot limited ex- side of the crystal and the "earthy" terminal of 
clusively in its application thereto) is particular- the oscillator and moduiator arrangement, while 
ly applicable to arrangements in accordance with the capacity branches 2, 3 are connected directly 
the invention described in the above mentioned between the two leads from the crystal, one on 
copending application. 20 one side of the inductance and the other on the 
One of the difficulties encountered in practice other. In accordance with this invention an 
with a frequency modulated oscillator in ac- adjustable negative resistance network generally 
cordance with the invention contained in the designated 6 is provided to apply negative re- 
aforesaid patent referred fo, and in other cases sistance in parallel with the inductance 
in which a loss introducing network is associated 25 Neither terminal of the crystal is connected to 
with the crystal, is that the unavoidable loss in ground. In Fig. 1 the negative resistance is pro- 
the quaxter wave or other network tends to give vided by a so-called "transitron" valve circuit 
fise to amplitude modulation, and also to a cet- as known per se. This is shown as consisting of, 
tain amount of frequency modulation distortion, for example, a pentode 7 having its screen and 
Where large deviations of frequency are required, 3, suppressor grids 6, 6 connected through separate 
the amplitude modulation may easily become too condensers 6,  ! to the crystal side of the 
great to be eliminated in subsequent limiting ductance 4, the anode 2 being connected to 
amplifiers, and the frequency modulation dstor- HT÷ and, through a resistance 3, fo the screen 
tion may also become appreciable, grid 6. The suppressor grid 6 ad the cathode 
An object of the present invention is to avoid 35 4 are connected to earth through separate re- 
the above mentioned difficulties and defects, sistances 5, 6, the resistance 6 in the cathode 
According fo this invention, a frequency mod- leg connection being shunted by a by-pass con- 
ulated crystal oscillator of the kind wherein a denser . The earth point is also connected 
loss introducing network is provided in association to the oscillator circuit side of the inductance 
with the crystal, includes also means for gen- 40 The HT-- terminal is earthed and a Potentiom- 
erating so-called negative resistance (i. e., reac- eter resistance 8 is connected across the HT 
tion) and applying said negative resistance fo the source, a variable tap  6 on this resistance being 
loss introducing comportent or components in the connected to the control grid 26 through a fur- 
network so as to substantially counterbalance ther resista-nce. The potentiometer resistance 
said loss. 4 is shunted by a bypass condenser 22, and a fur- 
ther bypass condenser 23 is provided between the 
The negative resistance may be generated by variable tap 6 and earth. This Pentode circuit, 
an electron discharge tube circuit, and applied which is known per se, produces a negative re- 
either in series or in parallel with the loss intro- sistance effect across the inductance 4, the 
ducing circuit comportent or components. 50 amount of negative resistance being adjustabe 
The invention is illustrated in the accompany- by adjusting the operating potential on the 
ing drawing which diagrammatically shows two potentiometer--in the circuit specifically sh0wn 
embodiments in accordance therewith, in lig. 1 by adjusting the potentiometer a19 
Fig. 1 is a preferred embodiment of the inven- In practice the amount of negative resistan'ce 
tion. $$ is adjusted until amplitude modulation 0f twice 



the modulation frequency is reduced substantially 
fo zero, thus indicating that loss in the inductance 
4 (the only appreciable loss introducing element 
in the quarter wave network) is balanced. The 
second harmonic rather than the fundamental 
frequency is taken as the criterion since many 
modulators are themselves fiable to introduce 
fundamental amplitude modulation unleii cor- 
rectly adjusted, and accordingly the said second 
harmonic criterion is a .more useful.one to adopt. 
In the modification shown in Fig. 2, the crystal 
 has one electrode grounded, and the inductance 
4 in the quarter wave network (which is other- 
wise as in Fig. 1) is in the ungrounded lead from 
the crystal, the negative resistance tube being in- 
ductively coupled fo the said inductance. This 
coupling is effected by mean of a coil 24, che end 
of which is connected to the grounded side of the 
crystal  and the earthed end of a resistance 2 
in the cathode leg of the negative resistance tube 
(which in this case is shown as a triode 7'), whfle 
the other end of coil 24 is connected through a 
capacity 26 and a resistance 27 in series, in the 
order stated, te the grid 28' of the triode. The 
junction point of the capacïty 26 and the resist- 
ance 27 is connected through a further resistance 
28 to a variable tap 8' on a potentiometer re- 
sistance 8' shunted across the high tension 
source. The said source is connected at HT÷ 
and :HT-- between the anode  2' and earth, and 
a bypass condenser 22 is provided acress it. An 
intermediate tap 29 on the coil 2 is connected 
through a condenser 38 to the cathode ' of the 
tube 7'. If desired the coup]ingbetween the cofl 
2-and the inductance 4 in the quarter wave net- 
work may be variable. With this arrangement, 
the negative resistance applied across the 
ductance in the quarter wave network may be 
justed by adjusting the potentiometer tap  9', and 
this adjustment is varied as already described. 
The invention is hot limited to the use of the 
particular negative resistance circuits above de- 
scribed àlthough .these circuits are preferred by 
reason of their simplicity and ease of control. 
What is claimed is: 
1. In combination, an oscfllator, a piezoelectric 
crystal coupled thereto as a frequency controlling 
element, an impedance inverting network in the 
coupling between said crystal and said oscilla- 
tor, said network introducing undesired loss in 
said coupling, and separate means for producing 
negative-resistance and for applying said nega- 
rive resistance to said network so as to substan- 
tially counterbalance saidloss. 

4 
2. The combination defined in claim i, where- 
in the negative resistance is produced by an elec- 
tron discharge tube circuit and wherein the nega- 
tire resistance is applied to the network by con- 
5 necting such tube in parallel with the less-intro- 
ducing component of the network. 
3. In combination, an oscfllator, a piezoelecric 
crystal and an impedance inverting network cou- 
pled thereto as a frequency controlling element, 
10 said network introducing undesired loss in the 
.oscillator, and separate means for reducing said 
loss comprising an electron discharge device con- 
nected in shunt with said network. 
4. The combination defined in claire 3, wherein 
15 the network is a quarter-wave network. 
5. In combination, an oscillator, a piezoelectric 
crystal and an impedance inverting network cou- 
pled thereto as a frequency controlling element, 
said network introducing undesired loss in the 
0 oscillator, and separate means ïor reducing said 
loss comprising an electron discharge device hav- 
ing an anode, a control grid, a screen grid and 
a cathode, a source of high voltage connected 
between said anode and cathode, a resistor con- 
2:i nected across said source, a connection ïrom said 
control grid to a point on said resistor, a connec- 
tion from said screen grid through a condenser 
fo che side of said network, and a connection 
from said cathode to the other side of said net- 
0 work. 
6. The combination defined in claim 5, wherein 
the discharge device also has a suppressor grid 
and wherein such suppresser grid is connected 
through a separate condenser to said che side of 
25 said network. 
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